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(54) Laserquelle mit grossem Leistungsbereich und mit niedrigem Rauschpegel 



(57) Disclosed is a laser source (200) with an opti- 
cal resonator comprising a laser gain medium (10) with 
a low reflective first facet (20) emitting a laser beam (50) 
within the optical resonator: A wavelength dependent 
mirror (70) receives the laser beam and reflects back a 
wavelength separated laser beam (50"). A beam splitter 
(65) divides the wavelength separated laser beam into a 
feedback beam (50'") directed toward the laser gain 
medium and a first output beam (80) to be coupled out 
of the optical resonator. As a first improvement, the 



laser gain medium comprises a second facet (30) which 
is partly reflective, so that the second facet emits a sec- 
ond output beam (210) of the laser source. As a second 
improvement, the laser source further comprises a mir- 
ror (270) arranged in a way that a beam diffracted by the 
wavelength dependent mirror is reflected back and 
again diffracted by the wavelength dependent mirror, so 
that the twice diffracted beam provides the wavelength 
separated laser beam (SO"): 
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Description 

BACKGROUND OF THE INVENTION 

[0001 ] The present invention generally relates to laser s 
sources and further to equipments for measuring optical 
components. 

[0002] In optical communication networks, information 
is generally transmitted by optical fibers from a stimulus, 
e.g. a laser diode, to an optical receiver, e.g. a photo 10 
diode. These may not only be point-to-point links but 
may also provide a complex network structure which 
generates the need for optical components for data 
routing, adding, dropping and switching. 
[0003] To increase the transmission capacity, several is 
communication channels are normally used simultane- 
ously. In principle, this can be realized by separating the 
channels by providing time multiplexing or centering 
channels at different wavelengths. The latter principle is 
also known as Wavelength-Division-Multiplexing 20 
(WDM) and is becoming increasingly important. A state 
of the art WDM system has about 20 channels sepa- 
rated by 0.8nm in a wavelength range of around 
1550nm. First research work is already done to 
increase the amount of channels by reducing the chan- 25 
nel spacing down to 0.2nm and therefore increase the 
transmission capacity by about four times. 
[0004] One of the problems by using WDM is the inter- 
ference (cross talk) of the communication channels. To 
avoid interference, the used optical components need to 30 
exhibit a high wavelength dependent transmission char- 
acteristics, that is, e.g., a WDM cross-connect switch 
with a transmission dynamic of up to 30dB over tenths 
of a nanometer. A known complex and expensive meas- 
urement setup for characterizing this kind of optical 35 
components is based on a tunable laser source, a 
wavelength meter, a tracking filter and an optical power 
meter (cf., e.g., in "Fiber optic test and measurement" 
by Dennis Derickson, ISBN 0-13-53480-5, page 358 ft)- 
[0005] In general, the signal to total noise ratio of a 40 
laser source (e.g. a tunable laser source as depicted in 
the above mentioned book by Dennis Derickson on 
page 360) limits its applications where high transmis- 
sion dynamics characteristics have to be measured, 
e.g., in case of a notch-filter with a high signal suppres- 45 
sion, such as a fiber grating, where the back noise 
(SSE, ASE) of the laser source determines the meas- 
ured suppression of a signal positioned at a center 
wavelength of the filter (cf. Fig. 6). 

[0006] A solution to improve the signal-to-noise ratio so 
of a laser system is to provide a filter in combination with 
a broadband receiver or an optical spectrum analyzer. 
To ensure also the wavelength accuracy of the meas- 
urement, which is very important in WDM systems with 
narrow channel spacing, also known as Dense Wave- ss 
length Division Multiplexing (DWDM), an external wave- 
length meter has to be used. For all these setups an 
additional controller plus software is needed for syn- 



chronizing and data capturing. 

[0007] JP-A-06 140717, Lewis L. L. in "Low noise 
laser for optically pumped cesium standards" (proceed- 
ings of the annual frequency control symposium, Den- 
ver, May 31 - June 2, 1989, no. Symp. 43, 31 May 1989, 
Institute of electrical and electronics engineers, pages 
151*157, XP000089353), and Boshier M. G. et al in 
"External-Cavity frequency stabilization of visible and 
infrared semiconductor lasers for high resolution spec- 
troscopy" (Optics communications, vol. 85, no. 4, 15. 
Sept. 1991, pages 355-359, XP000226852) disclose 
laser systems with a beam splitter provided in the exter- 
nal cavity. Fig. 1 shows in principle a laser source 5 
according to those art documents. 
[0008] A laser gain medium or amplifier 10 provides a 
first facet 20 which is low reflective and a second facet 
30 which is high reflective. The first facet 20 emits a 
laser beam 50 into an external cavity of the laser source 
5. A coilimating lens 60 colli mates the laser beam 50 to 
a beam splitter 65 splitting the laser beam 50 into a part 
50' and a part 67. The part 50* of the laser beam 50 is 
directed to an optical grating 70 as a wavelength 
dependent mirror. The optical grating 70 diffracts the 
incident beam 50' and a wavelength separated beam 
50" is directed back towards the beam splitter 65. The 
angle of the optical grating 70 with respect to the beam 
50" depends on the wavelength to be selected. The 
optical grating 70 together with the facet 30 of the sem- 
iconductor amplifier 10 define the optical resonator of 
the laser source 5. The beam splitter 65 splits up the 
returning beam 50" into a beam 50'" towards the gain 
medium 1 0 and a beam 80. The laser system 5 provides 
as output signals the laser beams 67 and 80, coupled 
out respectively from the beam splitter 65. The output 
beam 80 can be coupled into a fiber 90, e.g., by means 
of an optical lens 100. 

[0009] Jeffrey Bernstein et al in "Oscillator design 
improves dye-laser performance" (Laser Focus World, 
Sept. 1995, pages 1 17 ff.) discloses that the laser beam 
80, which is substantially coupled out directly after 
wavelength selection by the optical grating 70 provides 
an improved lower signal-to-noise ratio output with 
respect to the output beam 67. 
[0010] In modern laser applications, in particular for 
measuring purposes e.g. for measuring modern optical 
components for DWDM, it becomes increasingly impor- 
tant to provide flexible laser systems offering a wide 
range of laser signals from high power signals to low 
noise signals. Although the output 67, coupled out 
directly the gain medium 1 0 in the laser system 5 of Fig. 
1 , provides a possibility for a higher power output with 
regard to the output 80, the output 67 finds a power lim- 
itation in the beam splitter 65. Since the beam splitter 65 
couples out as well the beam 80 as the beam 67 neces- 
sarily with the same coupling-out-ratio, or in other 
words, since the beam splitter 65 couples out the power 
of beam 67 or 80, a certain tradeoff between the possi- 
ble power to be coupled out and the resonator condi- 
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tions for an efficient power amplification by the external 
cavity has to be found. This, however, limits the possible 
applications of the laser systems and generally renders 
them to be not sufficiently flexible. 

5 

SUMMARY OF THE INVENTION 

[001 1 ] It is thus an object of the present invention to 
provide a flexible laser system offering a wide range of 
laser signals from in particular high power signals to low 10 
noise signals. It is a further object to provide a low cost 
and smaller flexible laser system. This object is solved 
by independent claims 1 or 2. It is another object to pro- 
vide a low cost measuring setup for determining high 
transmission dynamics characteristics. This object is is 
solved by independent claim 8. Preferred embodiments 
are shown by the dependent claims. 
[0012] The invention is based on a laser source with 
an optical resonator. The laser source comprises a 
laser gain medium, e.g. a semiconductor and/or fiber 20 
amplifier, for emitting a laser beam, a wavelength 
dependent mirror for receiving the laser beam and 
reflecting back a wavelength separated laser beam, and 
a beam splitter for dividing the wavelength separated 
laser beam into a feedback beam directed toward the 25 
semiconductor amplifier and an output beam to be cou- 
pled out of the optical resonator of the laser source, 
preferably into an optical fiber. 

[0013] According to a first aspect of the invention, the 
laser gain medium comprises a second facet that is 30 
partly reflective, so that the second facet emits a second 
output beam of the laser source, which is preferably 
coupled into a second optical fiber. The second output 
beam provides a significantly higher output power than 
the beam 67 as depicted in Fig. 1 , since it is coupled out 35 
directly from the gain medium. Additionally, it has been 
shown that the second output beam provides an 
improved signal-to-noise ratio with respect to the beam 
67, in particular when the gain medium comes to a sat- 
uration condition/state. Further more, the second output 40 
beam is only influenced by the second facet and not by 
any other component, such as the beam splitter or the 
like. This leads to an improved radiating characteristic, 
in particular for the radiation angle and diameter, and 
allows avoiding interference effects. The second output 45 
thus allows a simpler adjustment of a high power beam 
due to the overall stability of that output, in particular 
with respect to the beam 67. 

[0014] The laser system according to the first aspect 
of the invention allows to execute measurements requir- so 
ing, at the same time, laser signals with a high signal-to- 
noise ratio, e.g. for DWDM components, and high power 
laser signals, e.g. for measuring (saturation effects of) 
Erbium Doped Fiber Amplifiers (EDFA). 
[001 5] According to a second aspect of the invention, ss 
the laser source further comprises a mirror arranged in 
a way that a beam diffracted by the wavelength depend- 
ent mirror is reflected back and again diffracted by the 



wavelength dependent mirror, so that the twice dif- 
fracted beam provides the wavelength separated laser 
beam. Preferably, the mirror is arranged in a Littman- 
configuration. The additional mirror leads to an 
improved signal-to-noise ratio and wavelength selectiv- 
ity, as well for the first as for the second output beam (at 
the second facet). In particular for the output beam 80. 
the signal-to-noise ratio can be significantly increased 
with respect to embodiment as shown in Fig. 1 . Further- 
more, the additional mirror, in particular when applied in 
a Littman -configuration, allows providing a continuous 
and mode-hop free wavelength tuning of the laser 
source. This is in particular necessary for characterizing 
optical fiber gratings without requiring high sophisti- 
cated measurement setups. Thus, the invention pro- 
vides a low cost but high quality measurement with 
respect to solutions requiring expensive wavelength 
separation or filtering setups. 

[001 6] It is to be understood that, though the first and 
second aspects of the invention each leads to a signifi- 
cant improvement of the laser system of Fig. 1 , both 
aspects in combination dramatically improve the per- 
formance as well of the first as of the second output 
beam. The first aspect improves the usability of the 
laser source and renders it possible to provide a wide 
power range for a plurality of different applications. The 
second aspect in addition to the first aspect significantly 
improves the signal-to-noise ratios of the first and sec- 
ond output beams, so that the laser source provides 
laser signals in a wide power range with improved sig- 
nal-to-noise ratio. 

[001 7] In a preferred embodiment, the output beam(s) 
of the laser source is/are preferably coupled into optical 
fibers, preferably by means of an optical lens and a fix- 
ture to align the optical fiber to the optical lens in 
dependence of the output beam, An optical isolator can 
be additionally employed for avoiding disturbances of 
the semiconductor amplifier from any signal outside of 
the laser source. 

[0018] The laser source according to the invention is 
preferably applied in an apparatus for measuring an 
optical device. The laser source is coupled to and con- 
trolled by a wavemeter. Trie optical device receives an 
output signal from the laser source and one or more out- 
put signals thereof are coupled to one or more power 
meters. This apparatus provides a low cost measuring 
setup that allows determining high transmission dynam- 
ics characteristics. To enable fast and high accurate 
measurements, all the components are preferably con- 
trolled by one electrical hardware and software struc- 
ture (e.g., firmware as well as application software, 
sweep operation). The measurement system provides 
high reliable and accurate measurement results, shorter 
measurement times, and is easy to use in particular in 
an integrated system. 
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BRIEF DESCRIPTION OF THE DRAWINGS 

[0019] Other objects and many of the attendant 
advantages of the present invention will be readily 
appreciated and become better understood by refer- 
ence to the following detailed description when consid- 
ering in connection with the accompanied drawings. 
Features that are or can be built up substantially equally 
or similarly are referred to with the same reference sign. 



Fig. 1 
Fig. 2 



Figs. 3 and 4 



Fig. 5 



Fig. 6 



DETAILED DESCRIPTION OF THE INVENTION 

[0020] Fig. 2 depicts a laser source 200 according to 
the invention, which can comprise the same features as 
the laser source 5 of Fig. 1 . However, as a first improve- 
ment with respect to the laser source 5, the second 
facet 30 of the laser gain medium 10 in the laser source 
200 is provided to be partly (and preferably high) reflec- 
tive, so that the second facet 30 emits an output beam 
210 outside of the external cavity of the laser source 
200. In a preferred embodiment, the output beam 210 is 
coupled into a second optical fiber 220, such as a single 
mode fiber, preferably by applying a colli mating lens 
230, an optical isolator 240 for avoiding disturbances of 
the amplifier 10 from any signal outside of the laser 
source 200, and a further collimating lens 250. Other 
means as known in the art for coupling out the output 
beam 210 might be applied accordingly, dependent on 
the specific application. 

[0021] Extracting the output laser beam 210 directly 
behind the amplifier 10 allows generating a laser signal 
with a significantly higher signal power, in particular with 
respect to the output beam 80 and the beam 67. How- 
ever, it is to be understood, that passing the gain 
medium 10 on one hand increases the power of the 
beam, on the other hand also decreases the signal-to- 
noise ratio due to additional source spontaneous emis- 
sion (SSE). Although the signal-to-noise ratio of the 
high power output laser beam 210 is lower compared 
with output beam 80, it is still exhibits an improved sig- 



15 



shows a state of the art laser source, 

shows a laser source according to the 
invention, 

show representative spectra of output 
beams of the laser source of Fig. 2, 

depicts a preferred application of the 
laser source according to the inven- 
tion is in an arrangement for measur- 
ing optical devices or components, 
and 



shows a measurement plot for an 2s 
example of a notch filter as DUT in the 
arrangement of Fig. 5. 
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nal-to-noise ratio over the beam 67. 

[0022] In a preferred embodiment, only the beams 80 
and 210 will be provided as output beams of the laser 
source 200, while the beam 67 remains unused and/or 
5 is applied for monitoring the laser beam 50. 

[0023] The beam splitter 65 is preferably optimized for 
extracting optical power for the output beam 80 without 
significantly reducing the optical feedback of the exter- 
nal cavity. In a preferred embodiment, the reflectivity of 
10 the beam splitter 65 is selected to be approximately 
1/10, i.e. 1/10 of the incident beam is reflected either as 
beam 67 or 80. The beam splitter 65 can be embodied 
by a simple glass plate, whereby one side has a partly 
reflecting coating and the other side has an anti-reflec- 
tive coating. To avoid, in addition, internal interference 
effects the two sides (faces) are preferably tilted regard- 
ing to each other. 

[0024] Fig. 3 shows a spectrum of a representative 
output beam 210, wherein the x-axis depicts the wave- 
lengths and the y-axis depicts the power density of the 
output beam 30. The spectrum exhibits a signal peak 
300 at a laser wavelength \ and a background noise 
310 provided by the called Source Spontaneous Emis- 
sion (SSE) or Amplified Spontaneous Emission (ASE). 
In most applications of semiconductor lasers, the signal 
peak 300 exhibits a signal to noise ratio of about 20 dB 
as depicted in Fig. 3a. 
[0025] As another improvement over the laser source 
5 in Fig. 1 , the output beam 80 is preferably coupled into 
30 the fiber 90 via a fixture (not shown in Fig. 2) to align the 
fiber 90 to the optical lens 1 00 in dependence of the out- 
put beam 80.and an optical isolator 260 for avoiding dis- 
turbances of the amplifier 1 0 from any signal outside of 
the laser source 200 
35 [0026] As a further improvement over the laser source 
5 of Fig. 1 , either in addition to the provision of the out- 
put beam 210 or independent thereof, the laser source 
200 of Fig. 2 further provides a mirror 270, which can be 
e.g. a plane or curved (preferably concave or convex) 
40 mirror or a dihedral element. The mirror 270 in conjunc- 
tion with the optical grating 70 provides an improved 
wavelength dependent mirror 280 over the application 
of the optical grating 70 as depicted in Fig. 1 . 
[0027] The minor 270 is arranged in a way that the 
45 part of the beam 50' reaching the grating 70 is diffracted 
by the grating 70 to the mirror 270. The mirror 270 
reflects back the diffracted and thus wavelength filtered 
beam to the grating 70, which again diffracts the incom- 
ing beam from the mirror 270 towards the beam splitter 
so 65. The twice-diffracted beam provides the wavelength 
separated laser beam 50". 

[0028] Preferably, the mirror 270 is arranged in a Litt- 
man-configuration allowing a mode-hop free wave- 
length tuning of the laser source 200. In the Littman- 
55 configuration, as known in the art, planes through the 
grating 70, the mirror 270, and the facet 30 substantially 
intersect in a point 290. 

[0029] Fig. 4 shows a spectrum of a representative 



4 



7 EP 0 921 

output beam 80, wherein the x-axis depicts the wave- 
lengths and the y-axis depicts the power of the output 
beam 80. In accordance with the spectrum of Fig. 3, the 
output beam 21 0 exhibits a signal peak 400 at the laser 
wavelength and a background noise 410. However, 5 
the signal peak 400 exhibits an improved signal-to- 
noise ratio with respect to the signal peak 300 of the 
spectrum in the output beam 210 in Fig. 2. The signal- 
to-noise ratio of the signal peak 400, in an application of 
semiconductor lasers according to the invention, is w 
greater than 70dB, which gives an integral total noise 
ratio of about 50dB. On the other hand, the amplitude of 
the signal peak 400 is reduced in comparison to the sig- 
nal peak 300 of the output beam 30. Fig. 4 exemplarily 
depicts a relative value of -10dB for the amplitude of 15 
output beam 210 with respect to the relative value of 
OdB for the amplitude of output beam 21 0 in Fig. 3. 

[0030] The laser source 200 according to the inven- 
tion thus provides a high purity output signal 80, which 
can either be the only output thereof, or represent a high 20 
purity but low power output with respect to the further 
output signal 210, which may be applied in combination 
with the output signal 80. 

[0031 ] A preferred application of the laser source 200 
according to the invention is in an arrangement 500 for 25 
measuring optical devices or components as depicted 
in Fig. 5. The laser source 200 provides at an output 
501 the output signal 210 and at an output 502 the high 
purity output signal 80. The laser source 200 is coupled 
to and controlled by a wavemeter 503, which is prefera- 30 
bly embodied according to a wavemeter as described in 
the European patent application 97107247.5 by the 
same applicant. 

[0032] A device under test (DUT) 505 receives the 
output signals either from output 501 or 502 of the laser 35 
source 200, e.g., via an optical single mode fiber (SMF) 
Dependent on the characteristics of the DUT 505, the 
DUT 505 might provide a plurality of output signals 
507a.. .507z, which can be respectively coupled (e.g., 
via SMFs) to one or more power meters 510a.. 510z. 40 
The laser source 200, the wavemeter 503, and the 
power meters 510a...510z can be connected via an 
internal data bus 512 to a main controller unit 515 for 
data capturing and analyzing. In a preferred embodi- 
ment, a common triggering system is used to read the 45 
wavelength of the laser source 200 and also the power 
values measured by the power meter 510a...510z 
simultaneously. Therefore, high accurate wavelength 
measurements are possible without a need for long 
measurement times. so 
[0033] Fig. 6 shows a measurement plot for an exam- 
ple of a notch filter as the DUT 505 with four output 
ports for dropping all signals 507a... 507y and one port 
for transmitting the remaining signal on the output 507z. 
An important parameter to measure is the suppression ss 
of the signal at the filter wavelength of the signals 
507a.. .507y. A dashed line 610 indicates the measure- 
ment result by using the high power output 501 from the 
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laser source 200 as the input signal for the DUT 505. A 
line 610 indicates the measurement by using the low 
noise output port 502 from the laser source 200. It is 
apparent by comparing the curves 600 and 610, that the 
influence of the background noise 310 and 410 (cf. Figs. 
3 and 4) is in particular dominant in an area of higher 
attenuation 630 of the DUT 505. In an area of lower 
attenuation 630, the curves 600 and 610 substantially 
match. Thus, by choosing the low noise output port 502 
for measuring the area of higher attenuation 630 signif- 
icantly improves the measuring result. 

[0034] The optical output power coupled into the opti- 
cal fiber 90 and/or the optical fiber 220 is preferably sta- 
bilized independently and adjusted by means of one or 
two individual receiving elements and the correspond- 
ing electronic circuits. 

Claims 

1 . A laser source (200) with an optical resonator com- 
prising: 

a laser gain medium (10) with a first facet (20) 
that is low reflective for emitting a laser beam 
(50) within the optica) resonator, 

a wavelength dependent mirror (70) for receiv- 
ing the laser beam (50), or parts (50") of it, and 
reflecting back a wavelength separated laser 
beam (50"). and 

a beam splitter (65) for dividing the wavelength 
separated laser beam (50") into a feedback 
beam (50'") directed toward the laser gain 
medium (10) and a first output beam (80) to be 
coupled out of the optical resonator of the laser 
source (200), 
characterized in that: 

the laser gain medium (10) comprises a sec- 
ond facet (30) which is partly reflective, so that 
the second facet (30) emits a second output 
beam (210) of the laser source (200), which is 
preferably coupled into a second optical fiber 
(220). 

2. A laser source (200) according to the preamble of 
claim 1, characterized by further comprising a mir- 
ror (270) arranged in a way that a beam diffracted 
by the wavelength dependent mirror (70) is 
reflected back and again diffracted by the wave- 
length dependent mirror (70), so that the twice dif- 
fracted beam provides the wavelength separated 
laser beam (50"). whereby the mirror (270) is pref- 
erably arranged in a Littman-conf iguration (290). 

3. The laser source (200) according to claim 2, char- 
acterized in that the laser gain medium (10) com- 
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prises a second facet (30) which is partly reflective, 
so that the second facet (30) emits a second output 
beam (210) of the laser source (200), which is pref- 
erably coupled into a second optical fiber (220). 

5 

4. The laser source (200) to any one of the claims 1 -3, 
characterized in that the beam splitter (65) is opti- 
mized for extracting optical power for the first output 
beam (80) without significantly reducing the feed- 
back beam. 10 

5. The laser source (200) according to any one of the 
claims 1-4, characterized in that the beam splitter 
(65) is a glass plate, preferably comprising one side 
with a partly reflecting coating and another side is 
with an anti-reflective coating, whereby the two 
sides are preferably tilted regarding to each other. 

6. The laser source (200) according to any one of the 
claims 1-5, characterized in that the first output 20 
beam (80) and/or the second output beam (210) 
are/is coupled into a first optical fiber (90), prefera- 
bly by means of an optical lens (100), and a fixture 

to align the first optical fiber (90) to the optical lens 
(100) in dependence of the first output beam (80). 25 

7. The laser source (200) of claim 6, characterized in 
that the first output beam (80) and/or the second 
output beam (21 0) are/is coupled into a first optical 
fiber (90), preferably by means of an optical isolator 30 
(260) for avoiding disturbances of the laser gain 
medium (10) from a signal outside of the laser 
source (200). 

8. An apparatus (500) for measuring an optical device 35 
(505) comprising: 

the laser source (200) according to any one of 
the daim 1-7 coupled to and controlled by a 
wavemeter (503), 40 

one or more power meters (510a,...,510z) cou- 
pled to the optical device (505) which receives 
an output signal from the laser source (200). 

45 

9. The apparatus (500) of claim 8, further comprising 
a main controller unit (515) for data capturing and 
analyzing which is coupled to the laser source 
(200), the wavemeter (503), and the one or more 
power meters (510a...510z) preferably by a data so 
bus (512). 

10. The apparatus (500) of claim 8 or 9, further com- 
prising a triggering system for simultaneously read- 
ing the wavelength of the laser source (200) and ss 
power values measured by the one or more power 
meters (51 0a.. .51 Oz). 
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